Abstract. The influence of tribophysical activation on Zn 2 TiO 4 synthesis along with the changes in powders during tribophysical treatment was observed. Mixtures of ZnO and TiO 2 powders were mechanically activated using a high-energy ball mill at different time intervals from 0 to 300 minutes. XRD was performed in order to obtain information about phase composition variations. Microstructure parameters were revealed from an approximation method. Particle size distribution along with scanning electron microscopy gave very useful information about powder morphology.
Introduction
Zinc titanates applied as dielectric resonators and filters in microwave devices have a significant place in the field of materials science due to their good semi-conducting and dielectric properties [1, 2] . Also, recent investigations of regenerative sorbents for desulfurization of hot coal gases, a relatively new and important task, use zinc titanate as a sorbent [3, 4] .
A variety of titanates, such as ZnTiO 3 , Zn 2 Ti 3 O 8 and Zn 2 TiO 4 , can be simultaneously obtained by a classic solid-state route [5, 6] . Tribophysical activation is also a common step in powder preparation route in the field of ceramics and only a few researchers applied this method to obtain zinc titanate [7, 8] . We considered Manik's work [7] very interesting to compare with; he was the first researcher who investigated structural changes in high-energy-ball-milled ZnO-TiO 2 by the Rietveld analysis of XRD data and obtained zinc titanate after 30 minutes of activation.
Due to complexity of the mentioned technique, tribophysical activation itself deserves a special approach. Therefore, the aim of the present paper was to extend our knowledge by investigating the formation of Zn 2 TiO 4 along with structural changes during tribophysical activation.
Experimental Procedure
Mixtures of ZnO (99.9% Kemika-Zagreb) and TiO 2 powders (99.9% Alfa product-Ventron) at a molar ratio ZnO:TiO 2 = 2:1 were mechanically activated by grinding in a planetary ball mill (Fritsch Pulverisette 5). The milling process was performed in air for 5, 15, 30, 90, 180 and 300 minutes at a basic disc rotation speed of 320 rpm and a rotation speed of bowls of 400 rpm.
Zirconium oxide balls (approx. 10 mm in diameter) and bowls (500 cm 3 ) were used with a ball to powder mixture mass ratio of 40:1. Samples were denoted as ZTO-000 to ZTO-300 according to the milling time.
X-ray powder diffraction patterns of the milled powder mixtures were obtained using a Norelico-Philips PW-1050 diffractometer, with CuKα radiation and a step scan mode of 0.02 o /0.4 s. The morphology of obtained powders was characterized by scanning electron microscopy (JSM 5300-JEOL, 30 kV).
Particle size distribution was measured using a Fritsch Particle Sizer "analysette 22" MicroTec. The samples were immersed in a solution of water and sodium pyrophosphate and then deagglomerated in a "laborette 17" ultrasound bath for 5 minutes.
Results and Discussion
X-ray diffraction patterns of non-milled and ball-milled ZnO and TiO 2 powder mixtures are given in Fig. 1 . ZTO-000 is the X-ray pattern of the starting mixture containing ZnO and TiO 2 (22% rutile and 78% anatase). After 5 minutes of mechanical treatment, intensities of all starting phases are significantly lowered. The decrease of crystallinity that takes place in this type of powder processing is a consequence of defect formation and diminution of crystallite size causing peak broadening.
Great changes in peak intensities are an indicator of extremely high transfer of mechanical energy to the powder during mechanical treatment, due to the type of planetary milling device, and also, high value of powder to balls mass ratio, such as 40:1.
The intensity of ZnO diffraction peaks decreased after 15 minutes of mechanical treatment, the peaks of anatase TiO 2 almost completely disappeared, while the very first traces of a new phase -Zn 2 TiO 4 became detectable. The faster disappearance of anatase than of rutile is due to phase transformation from anatase to the most stabile form of TiO 2 -rutile [6, 7] .
In the ZTO-030 diffraction pattern, all phases mentioned above are still present although the anatase peak is not clearly visible in the reduced figure. We can notice a simultaneous decrease of the TiO 2 anatase phase with an increase of the zinc titanate one. Anatase along with ZnO participates in the formation of Zn 2 TiO 4 [6] .
Recent Developments in Advanced Materials and Processes
In the course of milling, an α-spinel Zn 2 TiO 4 (cubic, space group Fd3m) phase was formed after 90 minutes of milling. The ZnO phase was not completely utilized to produce the spinel phase and the remaining amount of ZnO cannot be converted further to the spinel phase just by highenergy ball milling, even though milling was conducted for a much longer milling time [7] . The remaining of ZnO implies the remaining of TiO 2 , although peaks of TiO 2 were not detected. Kim et al. [2, 8, 9] have found that Zn 2 TiO 4 exhibits rutile solubility up to 0.33 moles. In this solubility region, a single phase of α-Zn 2 TiO 4 was obtained.
ZTO-180 is very similar to the one activated 90 minutes, considering that it consisted of the zinc titanate phase. The process of crystallite attrition takes place in the powder activated for 300 minutes.
Microstructure parameters revealed from an approximation method [10] of ball-milled ZnOTiO 2 powder mixture: particle size (D), density of dislocations (ρ D ) and lattice strain (e hkl ) are given in Table 1 . Tribophysical activation is characterized by crystallite size reduction and increase of dislocation density and lattice strain [11, 12] , and our experiment confirmed these facts.
Tribophysical activation leads to the reduction in cohesive dispersion domains for all directions observed, the number of defects within the material rises and that reclaims the diffusion of ZnO and TiO 2 atoms, which leads to a solid-state reaction. Analyses of microstructure parameters calculated from the XRD data indicate that the most intense changes are present in the ZnO lattice and it is obvious that the crystallite size of ZnO decreases during the milling process, for all three directions observed here. We can say that the process of ZnO crystal lattice destruction is the dominant one [7] owing to greater hardness of TiO 2 . Analysis of microstructure parameters obtained by the Rietveld [7] and approximation method shows good agreement and very similar results although the Rietveld method is more precise.
We will consider only ZTO-000 and ZTO-030 from now on, since the former is the inactivated powder (referent sample) while the latter, mostly amorphous, still contains all the phases and presents the last step before obtaining a pure zinc titanate phase, so we can compare the two most significant powders.
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Scanning electron micrographs are presented in Fig. 2 . Figure 3 shows frequency distribution and cumulative distribution curves of ZTO-000 and ZTO-030. SEM micrographs show a considerable and important difference between activated and inactivated samples.
It is clearly visible that the ZTO-000 sample consists of non-activated starting powders. ZnO particles are very small, submicron in size, and of rod-like shape, while TiO 2 particles are larger, with a size of one or several micrometers, and of irregular shape. Particle size distribution of ZTO-000 shows that the powder consisted of two kinds of particles -two distributions. The first ones were about 0.5 micrometers and the second about 1.5 micrometers in size, which represents a great accordance with the given micrograph.
After 30 minutes of tribophysical activation, changes in starting powders are visible as well as the secondary agglomeration of all phases [13] . The particle size distribution shows three different particle sizes -about 0.3, 2 and, finally, about 10 microns. We suppose that the distributions belong to the three differently sized agglomerates. The phases cannot be clearly separated as powder particles due to "cold welding" of starting and newly formed phases.
